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(54) SEPARATOR FOR NONAQUEOUS ELECTROLYTE BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a separator for a nonaqueous electrolyte battery, 
which has improved safeness of suppressing an internal short circuit and exothermic reaction 
due to deposited lithium, activating its shutdown function at lower temperature and holding its 
shape unchanged at higher temperature. 

SOLUTION: This separator for use in a nonaqueous electrolyte battery comprises a porous 
film that has a laminated structure containing, by at least one each, a layer (a) containing two 
types of incompatible resins such as polyethylene and polypropylene at a weight ratio from 
(20:80) to (80:20), a layer (b) containing as the principal component a resin of a melting point of 
140° C or lower such as polyethylene, and a layer (c) containing as the principal component a 
material of a melting point of 160° C or higher such as polypropylene, at least either of the 
outermost layers of which lamination is the layer (b). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A separator for nonaqueous electrolyte batteries which consists of a porosity film 
which laminated three or more layers from which construction material or a presentation differs. 

[Claim 2]A separator for nonaqueous electrolyte batteries which has a laminated structure 
which contains the following (a) layer, the (b) layer, and at least one layer of (c) layers at a time 
and with which at least one side of the outermost layer consists of a porosity film which is the 
(b) layer. 

(a) A layer to which the layer (c) melting point to which the layer (b) melting point which 
contains two kinds of immiscible resin by a weight ratio of 20:80-80:20 uses resin 140 ** or less 
as the main ingredients uses not less than 160 ** material as the main ingredients [Claim 3]The 
separator for nonaqueous electrolyte batteries according to claim 2 with which the 
aforementioned (a) layer consists of a polymer alloy of polyethylene and polypropylene. 
[Claim 4]The separator for nonaqueous electrolyte batteries according to claim 2 or 3 whose 
resin 140 ** or less said melting point is polyethylene and whose not less than 160 ** material 
said melting point is polypropylene. 

[Claim 5]The separator for nonaqueous electrolyte batteries according to claim 3 or 4 which 
has the structure which laminated the aforementioned (b) layer and the aforementioned (c) 
layer via the aforementioned (a) layer. 

[Claim 6]A separator for nonaqueous electrolyte batteries which has a laminated structure 
which contains the following (d) layer, the (e) layer, and at least one layer of (f) layers at a time 
and with which at least one side of the outermost layer consists of a porosity film which is the 
(e) layer. 

(d) Metal lithium which fused and deposited below 140 ** at the time of the layer (e) 
overheating which has a function which prevents a short circuit of right and a negative 
electrode by metal lithium which deposited on a negative electrode at the time of charge is 
covered, And a layer which has the function to hold shape of a separator under temperature of 
not less than 140 ** of layers (f) which have a function which bars advance of a cell reaction 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the separator for nonaqueous electrolyte 

batteries. 

[0002] 

[Description of the Prior Art]These days, the lithium cell attracts attention from the little of 
high energy density, higher electromotive force, and self-discharge as a cell corresponding to 
the cordless making of an electric appliance, etc. In order that lithium as a negative-electrode 
component may have high reactivity and this lithium cell may use the electrolysis solution of a 
non-drainage system, When abnormal current flows by an external short circuit, the erroneous 
connection of right and a negative electrode, failure of a battery charger, malfunction, etc., 
battery temperature rises remarkably by generation of heat by resistance of an electrolysis 
solution, and there is a possibility of giving a thermal damage to the device incorporating this 
cell, etc. So, by increasing electrical resistance at the time of the abnormal rise of temperature, 
a cell reaction is intercepted in the separator for lithium cells, and it is urged to have the 
shutdown characteristic (henceforth "SD characteristic") of preventing **** of temperature. It 
is necessary to reveal SD characteristic at low temperature enough from the melting point of 
lithium and in respect of reservation of safety, and maintaining the electrical resistance which 
the separator held the shape also at the elevated temperature further, and increased with SD 
characteristic is called for. 

[0003]As such a separator, a polypropylene (henceforth "PP") layer, and polyethylene. (It is 
hereafter called "PE".) The porosity film (JP,4-206257,A, JP,5-331306,A) which consists of a 
laminated porous film (JP,6-20671 ,A, JP,8~222197,A) of a layer and a mixture of PP and PE is 
proposed. Each of these will be fused if PE reaches the melting point, and SD characteristic is 
revealed because the melt blockades the hole of a porosity film. At this time, PP whose melting 
point is higher than PE does not fuse, but functions as a base material which holds the shape of 
a separator also at an elevated temperature further. 
[0004] 

[Problem(s) to be Solved by the Invention]In the lithium secondary battery using metal lithium 
as a negative electrode, lithium deposits on a negative electrode in the case of charge. 
Originally in the lithium ion secondary battery using carbon and black lead which carry out 
occlusion of the lithium ion to a negative electrode, the metal lithium which does not deposit 
deposits on a negative electrode at the time of boost charge or overcharge. Metal lithium on 
these negative electrodes grows as it will invade in the hole of a separator and charge will 
progress, if a precipitation amount increases, it arrives at a positive electrode surface finally, 
and results in what is called a dendrite short circuit. Since the planar pressure which starts two 
electrodes by the increase in the volume of right and the negative electrode in the case of 
charge increases in the case of a wound type cell, invasion of deposit lithium into a separator 
accelerates and a dendrite short circuit comes to take place still more easily with advance of 



JP,11-007935,A [DETAILED DESCRIPTION] 



2/7 ^— V 



charge. Since the portion which the dendrite short circuit generated has electrical resistance 
very smaller than other portions, current concentrates on this portion, generation of heat by 
Joule heat becomes large, and battery temperature rises. Since the portion which carried out 
the dendrite short circuit has flowed with deposit lithium even if the electrical resistance of a 
separator increases with SD characteristic at this time, the rise of battery temperature cannot 
be controlled only in SD characteristic. 

[0005]The metal lithium which deposited in the shape of a dendrite by a surcharge or boost 
charge causes an electrolysis solution and an exoergic reaction. This reaction hardly occurs at 
ordinary temperature. However, although it changes with the conditions of charge, the 
presentation of an electrolysis solution, materials of right and a negative electrode, etc., a 
reaction is usually rapidly started at 120-150 **, and there is a possibility of causing the further 
rise in heat. 

[0006]If this PE layer is installed in the negative-electrode side, PE fuses the laminated porous 
film in which the PE layer indicated to JP,6-20671,A among the conventional separators 
mentioned above exists in the outermost layer, it covers deposit lithium, and can expect to 
inhibit an exoergic reaction with an electrolysis solution, but. It does not have the function to 
prevent the internal short circuit according [ such a separator ] to deposit lithium. Although the 
reaction of deposit lithium and an electrolysis solution can be inhibited in the porosity film of 
the mixture of PP and PE indicated to JP,5-331306,A depending on the content of PE, 
Prevention of an internal short circuit cannot be expected in the PE content, and the reaction 
of deposit lithium and an electrolysis solution cannot be inhibited in PE content which can 
expect the prevention from an internal short circuit conversely. 

[0007]As mentioned above, it was not able to be said that the conventional separator was fully 
provided with the function called for when fully securing safety. 

[0008]An object of this invention is to provide the separator for nonaqueous electrolyte 

batteries which can secure high safety. 

[0009] 

[Means for Solving the Problem]To achieve the above objects, composition of a separator for 
nonaqueous electrolyte batteries of this invention consists of a porosity film which laminated 
three or more layers from which construction material or a presentation differs. 
[0010]To achieve the above objects, another composition of a separator for nonaqueous 
electrolyte batteries of this invention has a laminated structure which contains the following (a) 
layer, the (b) layer, and at least one layer of (c) layers at a time, and at least one side of the 
outermost layer consists of a porosity film which is the (b) layer. 

[001 1](a) A layer to which the layer (c) melting point to which the layer (b) melting point which 
contains two kinds of immiscible resin by a weight ratio of 20:80-80:20 uses resin 140 ** or less 
as the main ingredients uses not less than 160 ** material as the main ingredients [0012]An 
internal short circuit by metal lithium which deposited by (1) surcharge or boost charge by 
having had such composition is prevented, (2) A separator for nonaqueous electrolyte batteries 
with high safety which has three functions to inhibit a reaction of deposit lithium and an 
electrolysis solution, to reveal SD characteristic and to carry out shape maintenance to an 
elevated temperature at (3) low temperature can be provided. 

[0013]To achieve the above objects, another composition of a separator for nonaqueous 
electrolyte batteries of this invention has a laminated structure which contains the following (d) 
layer, the (e) layer, and at least one layer of (f) layers at a time, and at least one side of the 
outermost layer consists of a porosity film which is the (e) layer. 

[0014](d) Metal lithium which fused and deposited below 140 ** at the time of the layer (e) 
overheating which has a function which prevents a short circuit of right and a negative 
electrode by metal lithium which deposited on a negative electrode at the time of charge is 
covered, And a layer which has the function to hold shape of a separator under temperature of 
not less than 140 ** of layers (f) which have a function which bars advance of a cell reaction 
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[0015]Even if it has such composition, the same effect as aforementioned (1) - (3) can be 
acquired. 

[0016]As for the (a) layer, in said separator for nonaqueous electrolyte batteries, consisting of a 
polymer alloy of polyethylene and polypropylene is preferred. By having had such composition, 
an internal short circuit by depositing metal lithium can be controlled certainly. 
[0017]In said separator for nonaqueous electrolyte batteries, it is preferred that resin 140 ** or 
less is [ said melting point ] polyethylene, and said melting point is [ not less than 160 ** 
material ] polypropylene. By having had such composition, the above (2) and a function of (3) 
can be certainly revealed at a suitable temperature. 

[0018]In said separator for nonaqueous electrolyte batteries, it is preferred to have the 
structure which the (b) layer and the (c) layer laminated via the (a) layer. By having had such 
composition, the adhesion of each class becomes good and it can be considered as a separator 
with high peel strength between layers. 
[0019] 

[Embodiment of the Invention]The separator for cells of this invention gives two or more 
functions by laminating the layer from which construction material or a presentation differs. The 
separator for cells containing three layers, (a) which has hereafter a function in which each 
differs, as a concrete example of the composition, (b), and the (c) layer, is explained. 
[0020](a) A layer is a layer which bears the function which mainly controls invasion into the 
separator hole of the metal lithium ion which deposited, and prevents an internal short circuit. 
This function can be obtained by considering it as the layer containing two or more kinds of 
immiscible resin, (a) Especially as a layer, the polymer alloy of PE and PP is used suitably. If the 
porosity film which consists of a polymer alloy of PE and PP is used, compared with the case 
where PE and the independent porosity film of PP are used, an internal short circuit will 
become very difficult to happen. Although this cause is not clear, it is thought that it is what is 
depended on the sea island structure of PE and PP. In order to make the effect which controls 
an internal short circuit fully reveal, when the (a) layer comprises PP and PE, content of PE of 
this layer expressed with a following formula (1) is preferably made into 45% - 55% still more 
preferably 40% - 60% 20% - 80%. 
[0021] 

PE content (%) = {PE weight/(PE weight +PP weight)} x100 (1) 

[0022](b) A layer bears the function which reduces the touch area of metal lithium and an 
electrolysis solution, and inhibits a reaction by mainly covering the metal lithium which 
deposited by a surcharge or boost charge. Therefore, both both [ one side or ] of the outermost 
layer are constituted by the (b) layer. As for this layer, it is preferred to also bear the role 
which makes SD function reveal below 140 **. The melting point should just use resin 140 ** or 
less for this layer as the main ingredients, and PE, the mixture of PE and PP, etc. are used 
suitably. It is required to be the mixture ratio that the fused resin can fully flow, when using a 
mixture, and in the case of the mixture of PP and PE, the content of PE changes also with the 
melt viscosity, but it may not less than 60% of usually be not less than 90% still more preferably 
not less than 70% preferably. The content of PE at this time is computed by the formula (1) like 
the (a) layer. 

[0023](c) A layer is a layer which bears the function in which even a not less than 140 ** 
elevated temperature holds the shape as a separator, and this function is obtained because the 
melting point uses not less than 160 ** material as the main ingredients. As a material of this 
layer, although synthetic resins, such as PP, polytetrafluoroethylene, and polyimide, glass fiber, 
etc. can be used, PP is preferred. If the porosity of other layers is not spoiled about the (c) 
layer, it is not necessary to be necessarily a porosity film, and textile fabrics, a nonwoven 
fabric, or the film that vacated many holes by punching may be sufficient. 

[0024]By laminating so that three layers which have the above-mentioned respectively different 
function may be included further every at least, the separator having all of these three 
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functions is obtained. If the (b) layer is at least in one side of the outermost layer when 
laminating these layers, in particular the turn and the number to laminate will not be restricted. 
However, when it is made for the (b) layer and the (c) layer to laminate via the (a) layer, the 
adhesion of each class is well preferred. 

[0025]About the manufacturing method of the separator of this invention, the example is 
explained below. 

[0026] First, the melting co-extrusion of said material is carried out so that it may become a 
predetermined layer system, and this is formed into extension porosity. It is preferred to 
perform annealing which carries out predetermined time (usually several second - several 
hours) heating of the film in a temperature requirement (120 ** - 170 **) in advance of this 
extension, and the void content of the porosity film pass extension by this becomes high. 
[0027] Extension can be performed with the extension method of common use, such as roll 
extension and tenter extension. As for extension, it is preferred to carry out uniaxial stretching 
to the direction of extrusion and the uniform direction of a film. A void content is high, and in 
order that an aperture may consider it as a small uniform porosity film, after carrying out cold 
drawing, it is preferred to carry out elevated-temperature extension under heating 
subsequently. 

[0028]-20 ** - 50 ** of cold drawing is usually preferably performed at the temperature 0 ** - 
about 30 ** near a room temperature. An extension rate is usually 20 to 100% preferably 5 to 
150%, and a stretching speed is usually a part for 100 to 1000%/. An extension rate is the value 
computed with the following formula (2). 
[0029] 

Extension rate (%) ^(L^LqVLqxIOO (2) 

Here, the size in front of cold drawing and L 1 of L Q are the sizes after cold drawing. 

[0030]Subsequently, the elevated-temperature extension to perform carries out uniaxial 
stretching of the film in the same direction as said extension direction at the temperature of 
90-130 **, with an extension state maintained. An extension rate is usually 20 to 300% 
preferably 10 to 500%, and a stretching speed is usually a part for 10 to 400%/. An extension 
rate is the value computed with the following formula (3). 
[0031] 

Extension rate (%) =(L 2 -L 1 )/L Q x100 (3) 

Here, Lq and L 1 are the same as that of the above, and L 2 is a size after elevated-temperature 
extension. 

[0032]It is preferred after stretching treatment to maintain a separator at turgescence or a 
relaxation state, and to heat in a temperature requirement comparable as said elevated- 
temperature extension because of immobilization of prevention of a dimensional change and 
porous structure. This cooking time is usually 2 seconds - 10 minutes. 
[0033]Thus, by using the laminated porous film obtained as a separator, a nonaqueous 
electrolyte battery with very high safety is obtained. Hereafter, an example of the composition 
of this cell is explained. 

[0034] First, carry out lamination winding via a separator and let a band-like anode and negative 
electrode be an electrode body. It laminates so that the melt of the aforementioned (b) layer 
can cover a negative electrode surface at the time of a battery temperature rise at this time, 
and the (b) layer may become the negative-electrode side. A cell is obtained by storing this 
electrode body to a battery can with an electrolysis solution, in addition allotting a required 
member suitably. 

[0035]As positive active material of this cell, sulfides, such as metallic oxides, such as the 
graphite fluoride shown by (CF) n , LiCo0 2 , LiNi0 2 , LiMn 2 0 4 , V 2 0 5 , CuO, and Ag 2 Cr0 4 , TiS, and 

CuS, etc. are used. Especially high tension and high energy density are obtained, and since it 
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excels in a cycle characteristic, LiCo0 2 and LiNi0 2 are used suitably. The carbon material 
which, on the other hand, has occlusion or the capability to adsorb for lithium ions, such as 
metal lithium, a lithium alloy, carbon, and graphite, as negative electrode active material, Or 
conductive polymers etc. which doped the lithium ion, such as polyacethylene and polypyrrole, 
are used, and a carbon material is suitably used from the point that the energy density per unit 
volume is large. Let right [ these ] and negative electrode active material be a band-like anode 
and a negative electrode by fabricating charge collectors, such as stainless steel net producing, 
as a core material respectively. 

[0036]As an electrolysis solution, ethylene carbonate, propylene carbonate, The organic 
electrolysis liquid which acetonitrile, gamma-butyrolactone, 1 ,2-dimethoxyethane, a 
tetrahydrofuran, etc. were independent, or dissolved LiCI0 4 , LiPFg, LiAsFg, etc. in two or more 

kinds of mixed solvents as an electrolyte can be used. 

[0037]As for the aforementioned (d) layer, it is preferred to suppose that it is the same as that 
of the (a) layer mentioned above, as for the aforementioned (e) layer, it is preferred to suppose 
that it is the same as that of the (b) layer mentioned above, and, as for the aforementioned (f) 
layer, it is preferred to suppose that it is the same as that of the (c) layer mentioned above. 
[0038] 

[Example]The layer (weight ratio 1:9) (example 2) which consists of a mixture of the layer which 
consists of a mixture (weight ratio 5:5) of PP and PE, the layer (example 1) which consists of 
PE, or PP and PE, The porosity film of the three-tiered structure which laminated these layers 
in the turn shown in Table 1 was produced using the layer which consists of PP(s), and two 
kinds of separators were obtained. 

[0039]The layer to which the layer which consists of a mixture of a layer, or PP and PE in 
which the layer which consists of a mixture of PP and PE turns into the (a) layer or the (d) 
layer from PE turns into the (b) layer or the (e) layer from PP is respectively equivalent to the 
(c) layer or the (f) layer. 

[0040]First, the heat-resistant temperature of these separators was measured in the following 
procedures. After having fixed two sides so that the extension lay length of a porosity film 
might become fixed, and heating this for 15 minutes with prescribed temperature, it cooled to 
the room temperature and was considered as the sample. The sample which changed various 
cooking temperature was prepared and the electrical resistance was measured at the room 
temperature. And relation between cooking temperature and electrical resistance was graph- 
ized, the temperature which falls again from the state where electrical resistance once 
increased with SD characteristic was searched for, and the temperature was made into the 
heat-resistant temperature of a separator. 

[0041 Measurement of electrical resistance was measured according to JIS C 2313. It dissolved 
and the anhydrous lithium perchlorate which is an electrolyte was used for the liquid which 
mixed propylene carbonate and 1 ,2-dimethoxyethane the said capacity every as an electrolysis 
solution so that it might become the concentration of 1M. And 1 kHz of alternating current 
resistance was measured with the ohm-meter, and the electric resistance value R of the 
porosity film (ohm-cm 2 ) was computed with the following formula (4). The electric resistance 
value (omega) and S in which R Q measured the resistance (omega) of an electrolysis solution 
and R-, where a porosity film is immersed into an electrolysis solution are a cross-section area 

(cm 2 ) of a porosity film. 
[0042] 

R=(R r R 0 ) xS (4) 

[0043]Next, cobalt acid lithium as positive active material, the carbon powder end as a 
conducting material, And after having added the polyvinylidene fluoride (PVdF) as a binding 
material to the n-methyl-2-pyrrolidone (NMP), preparing the slurry and applying this slurry on 
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25-micrometer-thick aluminum foil, it dried at 100 **, NMP was removed, it was stuck by 
pressure in the roll press, and the anode was produced. After having added to black lead as 
negative electrode active material, having added PVdF to NMP as a binding material, preparing 
the slurry and applying this slurry on 25-micrometer-thick copper foil, it dried at 100 **, NMP 
was removed, it was stuck by pressure in the roll press, and the negative electrode was 
produced. 

[0044]The cell was assembled using right [ these ] and negative electrodes, and the separator 
produced like the point. At this time, the separator has been arranged so that the 1st layer of 
Table 1 may become the anode side. Lithium hexafluorophosphate (LiPFg) was dissolved in the 

mixed solvent (volume ratio 1:1) of ethylene carbonate and diethyl carbonate so that 
concentration might be set to 1 M, and what was prepared was used for the electrolysis 
solution. Reserve charge and discharge were performed for this cell 5 times with the current 
density of 0.3 mA/cm 2 under 25 ** atmosphere. Charge and discharge were suspended when it 
was set to 2.8V at the time of 4.1 V and discharge at the time of charge. The interval from 
discharge starting and a discharge end to [ from a charge end ] charge starting was made into 1 
hour. After the 5th discharge was completed, the short-circuit test and the pyrogenicity test 
were done. 

[0045](A) The cell of the discharge state after short-circuit test reserve charge and discharge 
was charged for 60 minutes with the current density of 6 mA/cm 2 , and voltage was observed. 
When there was a portion to which the change of potential falls by not less than 200 mV in 5 
certain minutes, it was presupposed those with a short circuit, and except it that he has no 
short circuit. 

[0046](B) With the current density of 3 mA/cm 2 , the cell of the discharge state after 
pyrogenicity test reserve charge and discharge was charged until the voltage of the cell was set 
to 4.1V, and it charged, adjusting current so that the voltage of 4.1 V may be maintained 
continuously. This charge was performed for 150 minutes. Then, it charged for 20 minutes with 
the current density of 6 mA/cm 2 . After allowing this cell to stand at a room temperature for 24 
hours, it put in 80 ** humidistat, the temperature of the cell was measured, and the maximum 
temperature was measured as exothermic temperature. The above result is shown in Table 1 . 
[0047]The layer which consists of PE, PP, or its mixture was laminated as shown in Table 1, 
and five kinds of separators (comparative examples 1 -5) were produced. The same heat test as 
an example, the short-circuit test, and the pyrogenicity test were done using these separators. 
A result is shown in Table 1 with the result of an example. 
[0048] 
[Table 1] 
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[0049] From Table 1, the separator of Examples 1 and 2 is not short-circuited by (1) boost 
charge, either, (2) Although it had all three functions to control generation of heat of a cell and 
to maintain the shape as a film to (3) elevated temperatures, there was nothing that has all 
these three functions with the separator of the comparative examples 1-5. 
[0050] 

[Effect of the Invention]As explained above, according to this invention, the separator for 
nonaqueous electrolyte batteries which has safety high also at the time of overcharge and 
boost charge can be provided. 
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